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Preservice teachers’ mathematics task modification for emergent bilinguals 
Abstract 
Implementing mathematically challenging tasks is difficult for teachers when working with emergent 
bilinguals because cognitively demanding tasks in mathematics commonly have high language demand. 
Currently, inadequate teacher preparation for teaching emergent bilinguals is becoming a significant 
concern in the United States as this population of students is rapidly growing. This study investigated 
how two mathematics preservice teachers (PSTs) support middle school emergent bilinguals to 
understand cognitively demanding mathematical problems through task modification. Fieldwork with a 
concurrent intervention was designed for the PSTs to work with emergent bilinguals in a one‐on‐one 
setting. The PSTs modified cognitively demanding mathematics tasks and designed a lesson for the 
emergent bilinguals based on the modified tasks. The results revealed that the task modification made by 
the PSTs tended to shift from reducing cognitive demands in mathematics and language to maintaining 
the demands through learning strategies of contextual support. 
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Implementing mathematically challenging tasks is difficult for teachers when working with 
emergent bilinguals because cognitively demanding tasks in mathematics commonly have 
high-language demand. Currently, inadequate teacher preparation for teaching emergent 
bilinguals is becoming a significant concern in the U.S. as this population of students is 
rapidly growing. This study investigated how two mathematics preservice teachers support 
middle school emergent bilinguals to understand cognitively demanding mathematical 
problems through task modification. Fieldwork with concurrent intervention was designed 
for the preservice teachers to work with emergent bilinguals in a one-on-one setting. The 
preservice teachers modified cognitively demanding mathematics tasks and designed a 
lesson for the emergent bilinguals based on the modified tasks. The results revealed that the 
task modification made by the preservice teachers tended to shift from reducing cognitive 
demands in mathematics and language to maintaining the demands through learning 
strategies of contextual support.  
Keywords: Emergent bilinguals; mathematics task modification; mathematics preservice 
teachers; cognitive demand in mathematics; language demand  
 
In the U.S., emergent bilingual students who are not yet fluent in the language of 
instruction are generally called English language learners (ELLs) because English is the 
language of instruction in most schools, and these students are learning English as a second or 
additional language to understand instructions. Although ELL is widely and officially used in 
most states in the U.S., emergent bilingual (EB) is used throughout this paper because students 
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identified by this term are “much more likely to take pride in their linguistic abilities and talents 
than if they are defined in deficit terms” (García & Kleifgen, 2010). Currently, inadequate 
preparation for content teachers to teach EBs is becoming a significant concern as the EB 
population is rapidly growing. Approximately 25.3 million EBs resided in the U.S. in 2011 
(Whatley & Batalova, 2014). Moreover, the National Center for Education Statistics (2015) 
reported only 6% of eighth-grade EBs scored at or above the proficient level in mathematics 
while 35% of non-EBs in the same grade reached proficiency.  
Researchers have recommended that teachers should remove a deficit perspective when 
teaching EBs (Moschkovich, 2010) and provide them with challenging tasks (Celedon-Pattichis 
& Ramirez, 2012). However, teachers struggle with implementing challenging mathematics tasks 
for EBs because cognitively demanding mathematical tasks commonly contain high language 
demand (Gottlieb & Ernst-Slavit, 2013). Teachers also have to accommodate cultural and 
socioeconomic factors associated with cognitive activities (Campbell, Adams, & Davis, 2007). 
In other words, the context embedded in tasks contain not only unknown words but also 
unfamiliar cultural or societal factors. For example, if a task is situated in football, those who are 
from countries with no such sports might not understand the context, and therefore possibly are 
unable to find an entry point to solve the problem. This demonstrates why teachers should 
recognize that these students may encounter challenges in mathematics, as well as with language 
and cultural differences. Without identifying these factors, teachers cannot accurately assess 
students’ understanding and provide appropriate support. 
In this vein, understanding how teachers modify and implement tasks while considering 
mathematics, language, and culture is crucial to improving teacher preparation. Although there is 
some literature related to preservice teacher (PSTs) and EBs in mathematical contexts, few 
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studies have examined PSTs’ use of mathematical tasks for EBs (Ahn, I, & Wilson, 2011; 
Campbell et al., 2007; de Araujo, I, Smith, & Sakow, 2015). Therefore, I investigated how PSTs 
modified cognitively demanding mathematical tasks to support EBs’ understanding in 
mathematics. Because field experience with EBs helps PSTs alter their perspectives and adopt 
strategies for EBs (Fernandes, 2011), I designed fieldwork with EBs in a one-on-one setting that 
included interventions for PSTs. The PSTs modified the given tasks as they thought necessary 
and designed a lesson to teach EBs based on the modified tasks. This study was driven by the 
following questions: (a) How do middle school PSTs modify mathematics tasks to help EBs 
make sense of mathematics? (b) How does the process of reflection and intervention influence 
PSTs’ task modification during lesson planning and implementation?  
Literature Review 
Despite teachers’ resistance to place EBs in advanced content classrooms (Reeves, 2006; 
Walker, Shafer, & Liams, 2004), it is recommended to implement high-level cognitive demand 
tasks and to maintain high expectations when teaching EBs (American Educational Research 
Association, 2006; Celedon-Pattichis & Ramirez, 2012; Moschkovich, 2012; Villegas & Lucas, 
2002). This recommendation implies providing only low-cognitive demand tasks, such as simple 
calculations or memorizing vocabulary, may diminish EBs’ opportunity to learn and eventually 
lock EBs within a low-level track (Umansky, 2016). According to Moschkovich (2012), teachers 
should follow general guidelines of effective pedagogy when teaching EBs. In order for EBs to 
achieve academic success in mathematics, it is important to provide strategies of high-quality 
mathematics instruction aligned with linguistic support (Richard-Amato & Snow, 2005). These 
recommendations resonate with recent trends of mathematics education in the U.S. (National 
Council of Teachers of Mathematics, 2014; NGA Center & CCSSO, 2010) that emphasize 
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critical thinking, reasoning, and problem solving.  
Besides the principle of maintaining cognitive demand, researchers have recommended 
various instructional strategies for EBs (e.g. Chval & Chavez, 2011), including connecting 
language with mathematical representations (Khisty & Chval, 2002), and focusing on alternative 
approaches that embed non-verbal communication tools, such as physical activities (Ahn et al., 
2011; Moses & Cobb, 2002), gestures (Fernandes, 2012a; Roth, 2001), drawing (Takeuchi, 
2015), and manipulatives (Boakes, 2009; Bustamante & Travis, 2005; Pearn, 2007). These 
recommendations typically focus on implementation or practice in classrooms. How teachers 
modify or design tasks for EBs, or the importance of task modification for EBs, has not been 
sufficiently discussed. Abedi (2006), one of the few studies, argued that the performance gap 
between EBs and non-EBs on mathematics assessments could be narrowed by reducing the use 
of unfamiliar vocabulary and adjusting linguistic structures, highlighting how linguistically 
modified tasks may reduce the unnecessary difficulties while keeping the content unchanged.  
Others have argued that the cultural relevance of curriculum could be a factor that 
influences EBs’ learning depending on whether it connects to their lived experiences. In 
Dominguez (2011), EBs solved mathematics tasks with familiar or unfamiliar contexts in 
Spanish or English. The results revealed that the EBs performed more cognitive actions when 
solving tasks with familiar experiences regardless of the language. In a similar vein, Brenner 
(1998) found that the children who received culturally-related mathematical activities showed 
larger cognitive gains, and Kitchen and Lear (2000) argued that mathematical activities strongly 
connected to students’ home culture can encourage their critical thinking and develop their 
understanding of mathematical concepts.  
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For these reasons, Vomvoridi-Ivanovic and Chval (2014) argued that PSTs must learn the 
language and cultural demands involved with teaching and learning mathematics. However, 
“discussions in mathematics education have not given sufficient attention to developing teacher 
knowledge related to teaching ELLs [EBs], and this has direct implications for how mathematics 
teacher preparation is traditionally structured” (Vomvoridi-Ivanovic & Chval, 2014, p. 118). As 
an effort for integrating EB-related content into teacher preparation, Downey and Cobbs (2007) 
and Pappamihiel (2007) had PSTs teach EBs mathematics in their fieldwork, deepening their 
understanding in teaching mathematics and the relationship between cultural diversity and 
learning mathematics. Similarly, Fernandes (2011, 2012b) observed middle school PSTs started 
adopting EB strategies they learned from the intervention in fieldwork with EBs. Fieldwork with 
EBs and reading EB literature could be valuable for PSTs to learn strategies that support EBs’ 
learning or to understand the linguistic complexity (McLeman, Fernandes, & McNulty, 2012). 
However, merely providing fieldwork with EBs does not make a significant difference (de 
Araujo et al., 2015). In this sense, the project with 10 PSTs (Ahn et al., 2011; I, Ahn, & 
Catbagan, 2012) trained PSTs using the Five-Step Approach (Moses & Cobb, 2002), an 
experiential teaching framework adapted from the Algebra Project. In the project, 10 PSTs were 
paired up to create and lead mathematical activities to work with a small group of Latino/a EBs. 
The results show that the group-based fieldwork after the intervention helped PSTs cultivate the 
needed knowledge and confidence in teaching EBs while using multisensory activities.  
Conceptual framework 
Cummins (2000) developed a Quadrant Model (see Figure 1) that “identif[ies] the extent 
to which students are able to cope successfully with the cognitive and linguistic demands made 
on them by the social and educational environment in which they are obliged to function in 
Math Task Modification for Emergent Bilinguals 
I, J. (2019). Preservice teachers’ mathematics task modification for emergent bilinguals. 
School Science and Mathematics, 119(3), 127–141. https://doi.org/10.1111/ssm.12325 
6 
school” (p. 66). In this model, the vertical (contextual support) and horizontal (cognitive 
demand) axes intersect to create four quadrants–A, B, C, and D.  
[Figure 1] 
Contextual support in this model plays an important role in developing language proficiency. 
Visuals, life stories, and project-based lessons may provide rich contextual clues that help EBs 
engage in both language and cognitive activities. Cultural or societal factors are also included in 
this contextual support. The tasks that embed this contextual support are called contextually 
embedded tasks in this model, whereas contextually reduced tasks do not include any contextual 
clues (e.g., a formal grammar worksheet) or include limited use of context (e.g., a 
decontextualized picture description).   
The cognitive demand in this model is specific to language and not related to the 
cognitive demand for mathematical tasks. According to Cummins (2000), cognitively 
undemanding tasks in language are automatized through repeated routine activities, such as 
casual conversations or copying notes. Conversely, cognitively demanding tasks in language are 
not automatized without active cognitive involvement, such as writing an essay or debating. It is 
crucial to note that the cognitive demands in language and mathematics are not always aligned. 
For example, a long word problem that includes various jargon may be solved by a simple 
mathematical process, and some mathematically challenging tasks may not involve high-level 
language activities like discussions or writing. For this reason, I adapted Cummins’ framework 
by adding an additional axis that represents mathematical demand. The three axes divide the 
space into eight sections, thus I call this framework the Octant Model (see Figure 2). 
[Figure 2] 
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Cognitively demanding tasks in mathematics require active cognitive involvement, such 
as problem solving. To classify whether mathematical tasks are cognitively demanding or 
undemanding, I draw on Smith and Stein’s (1998) levels of cognitive demand. Following these 
levels, I identified the tasks at two low-levels of cognitive demand (memorization and 
procedures without connections) as cognitively undemanding tasks in mathematics and the tasks 
at two high-levels of cognitive demand (procedures with connections and doing mathematics) as 
cognitively demanding tasks in mathematics. The characteristics of cognitively demanding tasks 
include multiple representations, non-algorithmic/non-predictable solution pathways, accessing 
students’ relevant knowledge and experiences, and analyzing the task and constraints. In 
contrast, cognitively undemanding tasks are usually algorithmic, have predictable solution 
pathways, and can be solved from simple memorization or the use of a formula.  
Within the Octant Model Framework there are eight sections based on the degree of 
mathematical cognitive demand (mathematical demand), linguistic cognitive demand (language 
demand), and contextual support. In Table 1, I summarize each octant category.  
[Table 1] 
The letters—A, B, C, and D—are the same as the letters in the Quadrant Model (see Figure 1), 
and the suffix—high and low—indicates the placement on the axis of mathematical demand 
(high: cognitively demanding in mathematics, low: cognitively undemanding in mathematics). 
For example, the A-high Octant includes cognitively demanding tasks in mathematics that have 
rich contextual contexts but do not require cognitively demanding work in language. Creating a 
function graph given a life situation or statistical data could be placed in the A-high Octant. This 
model implies that regardless of context embeddedness or the cognitive demand in language, the 
level of cognitive demand in mathematics can vacillate between demanding and undemanding. It 
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should be also noted that a task’s cognitive demand in language or mathematics and contextual 
clue could be changed depending on how a teacher implement the task. A teacher may provide 
contextual clues such as manipulatives or real-world examples that the task itself does not 
include or add a challenging aspect (e.g., justification or discussion) to extend student’s thinking.  
Cummins (2000) recommended the tasks within Quadrant B for teaching EBs based on research 
findings (Gibbons, 1991; Vincent, 1996) because those tasks are cognitively demanding in 
language but accessible to EBs due to the contextual support. In addition, researchers (Celedon-
Pattichis & Ramirez, 2012; Moschkovich, 2012) recommend that teachers should provide EBs 
with cognitively demanding tasks in mathematics, which are placed in the top part of the Octant 
Model (A-high, B-high, C-high, and D-high in Table 1). Previous research also supports that 
integrating real-world context in mathematics instruction has a positive impact on learning 
(Anhalt & Cortez, 2015; Moses & Cobb, 2002). Based on the recommendations from research, 
the tasks in the B-high Octant are most effective when teaching EBs mathematics because the 
tasks are both mathematically and linguistically demanding and include rich contextual support 
that makes the mathematical problems accessible to EBs while they develop English proficiency. 
The following task is one example of a task in B-high Octant.  
Shade 6 small squares in a 4 × 1 rectangle. Using the rectangle, explain how to determine 
each of the following: a) the percent of area that is shaded, b) the decimal part of area that 
is shaded, and c) the fractional part of area that is shaded (Smith & Stein, 1998).  
 
This task is mathematically demanding because it requires students to explore the relationships 
using various ways of representing fractional quantities and asking for explanation about 
students’ methods which is linguistically demanding. The visual, shading squares in a rectangle, 
serves as a contextual clue for this task. The contextual clue could be real-life related or 
unrelated like this task.  
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Methods 
This section describes the detailed design of this research study such as participants, 
research design, and data analysis methods, as well as the intervention for the PSTs. 
Participants 
The participants were recruited from a middle school mathematics methods course of a 
university-based teacher preparation program in the Midwest of the U.S. Four PSTs volunteered 
to participate in this research study outside their required coursework and field experience, but I 
included only two of them because these two PSTs, Becky and Lucy (pseudonyms), who were in 
their last year of the program, had completed all general pedagogy courses and the first 
mathematics methods course required from their teacher preparation program. I decided not to 
include the other two PSTs because one of them was in a different phase of the coursework in the 
program and the other PST had two EBs due to the first EB’s resignation from the study. Becky 
and Lucy were White English-only speakers and non-immigrants. They had no teaching 
experience with EBs and had no training for teaching EBs before they participated in this study. 
In pre-survey, both PSTs responded they believed vocabulary learning is most important for EBs 
to learn mathematics. Interestingly, they expected EBs have less difficulty in mathematics than 
other subjects because mathematics is a universal language and Asian EBs may be excel in 
mathematics. When they participated in this study, their program did not require any EB-related 
course. The local community in which the university-based program was located was a White-
dominant area with a small group of EBs (about 4%). Due to this local environment, the PSTs 
had little exposure to EBs.  
Although the primary research subjects are the PSTs, I needed to recruit middle school 
EBs in order to create a one-on-one setting between one PST and one EB. This one-on-one 
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setting was chosen because this structure allows a much more concentrated environment than a 
regular classroom setting in terms of working with EBs. When working with one EB, PSTs can 
assess the EB in both mathematics and language as well as learn her/his cultural background 
through building a close relationship. Hence, the one-on-one setting enables the PSTs to 
integrate what they learn from their EBs into their task modification. The detailed information of 
the PSTs and the EBs, Se-Bum and Si-Young (pseudonyms), are provided in Table 2.  
[Table 2] 
 The EBs were purposefully selected to provide the PSTs with an authentic teaching 
experience with students who were not yet fluent in English but demonstrated their grade-level 
mathematical competency. If the EBs had great difficulties in basic mathematical skills, it would 
be difficult for the PSTs to implement high-level cognitive demand tasks as intended. Hence, the 
selected EBs had sufficient fundamental knowledge in mathematics, such as basic operations. 
The EBs had been residing in the U.S. for less than two years when this study was conducted and 
had been identified as ELLs [EBs] by the local school district. The EBs were Korean native 
speakers from middle class families and enrolled in more advanced mathematics classes than the 
regular classes most of their peers took, confirming their competent mathematical knowledge. 
The PSTs and EBs were randomly assigned (see Table 2). 
Weekly Routine 
The first meeting held with the PSTs included the first intervention. In the meeting, the 
PSTs read a story of a Korean EB and discussed the academic difficulties the EB had in the 
story. They then received a mathematics task and were asked to develop a lesson plan based on 
the task. Prior to each meeting with the assigned EB, each PST was interviewed on how and why 
they developed the lesson plan. After teaching the EB, the PST had post-lesson interview to 
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reflect on her teaching, and afterwards, a brief intervention of research-based EB teaching 
strategies was provided. In addition, the PSTs submitted a written reflection on what they learned 
and what they would do next time. Each PST repeated this cycle five times over five weeks.  
 The five tasks provided to the PSTs were selected from the released items of the Smarter 
Balanced Assessment Consortium, the Partnership for Assessment of Readiness for College and 
Careers, the National Assessment of Educational Progress and the Program for International 
Student Assessment. The selected tasks had high mathematical demand because they required 
considerable cognitive effort and did not show a predictable solution pathway (Stein, Smith, 
Henningsen, & Silver, 2009). Although the context embedded in the tasks maintained, all visual 
representations included in the original tasks were removed because one of the goals of this 
study was to observe how the PSTs choose appropriate visuals and implement them to support 
EB’s understanding.   
Intervention 
The intervention for the PSTs was designed based on Beyond Good Teaching (Celedon-
Pattichis & Ramirez, 2012) and seven key strategies to support EBs’ mathematical proficiency 
(Chval & Chavez, 2011) as described in Table 3.  
[Table 3] 
The first intervention was given one week before the first meeting with EBs, and the following 
interventions were provided after each meeting, except the last week. The first intervention was 
designed to provide the PSTs with understanding of who EBs are and what needs they have by 
reading a real story of a Korean EB that reveals EBs’ common challenges and unjust 
consequences in an English-only school (Celedon-Pattichis & Ramirez, 2012, pp. 6-7) with a 
discussion of how to support the EB’s success in a mathematics class. The second intervention 
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was devoted to building the PSTs’ knowledge on connecting mathematics to student’s prior 
knowledge and life/cultural experiences. After this intervention session was given, I decided to 
revisit this topic during the last session because I observed that some PSTs did not fully 
implement this strategy. The third intervention session was about how to effectively use visuals, 
delivered by using different types of visuals embedded in a task excerpted from a foreign 
textbook. In the fourth session, various tips and strategies to provide a rich linguistic and 
mathematical environment were introduced. Various activities were applied as examples of EB-
friendly activities, such as using a graphic organizer to visualize ideas, mobilizing concepts using 
post-its, and comparing conversations between a teacher and a student through role-playing. For 
example, in the third intervention, I presented three different versions of visuals with a problem 
written in unknown language, Korean, for the PSTs to understand the situation EBs encounter in 
English-only classrooms and to conceptualize the effective use of visuals (I & Stanford, 2018). 
Data Collection and Analysis 
 The collected data include written lesson plans, modified tasks, written reflections, and 
videotapes of the meetings between each pair of a PST and an EB, the interviews, and 
interventions. The focusing data was the modified tasks, the reflection, and the lesson plans that 
include the PSTs’ rationale why they chose each approach to investigate how and why the PSTs 
modified the tasks for the EBs. The constant comparative analysis method (CCA; Fram, 2013) 
was employed to analyze the qualitative data so that “the data gradually evolve into a core of 
emerging theory” (Merriam, 1998, p. 191). Following the CCA method, I first conducted open 
coding and developed an initial codebook (Saldaña, 2013) based on the open coding result. 
Using the initial codebook, I coded the two PSTs’ cases with continuous comparing and 
contrasting and revised the codebook. After finalizing the codebook (see Table 4), I conducted 
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axial coding and selective coding to write a story line or propositions, connecting the emerging 
themes that elucidate the conditions influencing the central phenomenon.  
[Table 4] 
In addition, an analytic memo (Saldaña, 2014) was written focusing on the task modifications 
that these two PSTs made. The analytic memos were written sequentially and included what 
modifications were made and how the PSTs explained the purposes or reasons. 
Findings 
Becky’s case 
Task identification and modification. The PSTs were required to “Explain if the 
original task is appropriate for EBs” in each lesson plan. Becky’s responses were fairly identical 
during all five weeks. She responded that all the tasks were not appropriate because of too many 
words and no visuals. Informed by these reasons, her task modification frequently involved 
simplifying sentences and adding visuals. She explained, “this will allow the student [Se-Bum] 
to make sense of the problem” in her lesson plan (week 1). As she said, Becky added pictures 
related to context to the tasks and often modified the task language by using shorter sentences, 
bolding key words, or changing the font size. However, her language modification at times 
resulted in reducing the mathematical demand of the task. For example, the first task originally 
asks to “Explain whether Claire can pour sand between sand bags so that the weight of each bag 
is less than 50 pounds.” Becky changed this to a simple question, “Can all bags weigh less than 
50 pounds?” (see Figure 3). By asking this Yes/No question, she removed the challenging part, 
“Explain,” that requires some degree of cognitive effort (Stein et al., 2009).  
[Figure 3] 
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 Becky also broke down the tasks for Se-Bum. For example, when modifying the week 2 
task, she added two questions to the original task, “how many hours and minutes are between 
10:15 and 4:45?” and “how many total miles did the family go?” The goal of the task was to find 
the speed, and these two questions hinted that finding the time and the distance was necessary for 
finding the speed. Because breaking down the questions suggested a certain pathway to solve the 
task, the mathematical demand of the modified task was lowered. This pattern appeared again 
when Becky modified the third week’s task related to proportional reasoning. The original task 
asks to determine whether each statement of real-life proportionality is correct. Instead of 
reasoning based on proportional relationship, Becky assigned specific numbers for each 
statement and guided Se-Bum to calculate the given numbers to figure out if the statement was 
true. For example, for the statement, “if we know the areas of two apartments and the price of 
one of them we can calculate the price of the second,” Becky provided Table 5 with the 
direction: “Find the price of Apartment 1.” With this, Se-Bum could calculate the price of 
Apartment 1 without using proportional reasoning. By doing this, Becky changed a reasoning 
task to a computation task, another moment when she reduced mathematical demand.  
[Table 5] 
 Moreover, Becky developed a set of simple tasks related to the given task and used them 
before introducing the given task. In week 1, Becky asked Se-Bum to do addition and subtraction 
tasks with two-digit numbers. According to the Common Core State Standards for Mathematics 
(CCSSM; NGA Center for Best Practices & CCSSO, 2010), adding and subtracting two-digit 
numbers is a first-grade standard, while Se-Bum was in seventh grade. Her expectations 
remained low in the second week. Before presenting the main task solving for speed, Becky gave 
simple tasks such as “how many hours and minutes are between 8:45 AM to 9:30 PM?” 
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Calculating time intervals is in the third-grade standards. She stopped making simple tasks after 
this week, however, and maintained the mathematical demand of the tasks during the later weeks 
as described in the following section.     
Influence of reflection and intervention. Although Becky decreased both mathematical 
and language demands of some tasks, she demonstrated a significant shift in her task 
modification. In the beginning, her reflection showed a limited understanding of the given 
intervention. For example, her first week reflection was mainly about using a kind voice to make 
Se-Bum feel comfortable and preparing justification questions, whereas the week’s intervention 
focused on making connections between mathematics and prior knowledge and experience. It 
was unclear if her week 1 reflection impacted her week 2 lesson because Becky’s week 2 lesson 
plan mentioned neither justification questions nor a kind voice. She also stated that she realized 
EBs can be advanced in mathematics by observing Se-Bum’s fluent computation skills, but she 
did not prepare an extension nor maintain the mathematical demand in week 2. In her week 2 
reflection, Becky wrote she would prepare “good questions,” even though that week’s 
intervention was about how to utilize visuals. In sum, her reflection was not aligned with the 
intervention she had received and did not demonstrate a understanding of the intervention 
materials during the early weeks.  
The first time she expressed her learning from the intervention was the week 3 session. 
Following examples shown during that intervention, she included multiple tables and images that 
illustrated the task situation into the modified task. After this week, she diligently applied the 
strategies she obtained from the interventions. In week 4, she planned to use a “pretending not to 
know” strategy, given as one of the ways to build a rich and safe environment during the 
previous intervention. In her week 4 reflection, she stated she would create a dialogue that 
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disguises the problem as a casual conversation and relates the problem to the student’s life. She 
executed the plan during the following session and prepared guiding questions that connected the 
mathematical concept to Se-Bum’s experience, such as “what patterns do you know about?” This 
additional task/question does not reduce the mathematical demand of a task. Rather, this question 
makes the task accessible to EBs by using a familiar example. As described, Becky’s trajectory 
gradually changed from reducing cognitive demands in both mathematics and language to 
maintaining them.   
Lucy’s case 
Task identification and modification. Similar to Becky, Lucy stated the given tasks 
were wordy but did not say the wordiness made them inappropriate for EBs. Instead, she 
proposed how to make them accessible to EBs while maintaining the task language. For 
example, she wrote, “this task is very wordy, but if prefaced with a demonstration of the sand 
bags or simpler problems, ELLs[EBs] can do [solve it]” in her first lesson plan. Her 
interpretation of the tasks remained consistent through five weeks. She inferred all tasks were 
appropriate because they embedded real-life contexts, multiple solution pathways, and allowed 
EBs to use their abstract reasoning.  
However, she had the same approach as Becky did in the beginning. Like Becky, her first 
assessment was adding and subtracting one- or two-digit numbers, such as “9 + 11,” which is 
aligned to first-grade standards. Her assigned EB, Si-Young, who was in an 8th grade Algebra 1 
class, completed the computations with high accuracy and speed. In the post-interview conducted 
right after the first teaching session, Lucy said, “She [Si-Young] was a lot more advanced than I 
thought. I could’ve prepared more challenges for her… I just think her academic level is a lot 
higher. I think she doesn’t need all of the warm-up we did.” Even in her exit-interview conducted 
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after all five sessions, Lucy recalled this moment and explained she prepared such low-level 
tasks in the beginning because she thought EBs may not be able to perform mathematics due to 
their English proficiency, regardless of how much mathematical knowledge they have. This 
incident and Lucy’s statement revealed her assumption that language proficiency influences 
mathematical competency, which led her a conclusion all EBs are low performers in 
mathematics. This deficit view of EBs stopped after the first week. Lucy completely changed her 
approach in the second week by preparing a set of questions/activities that were related to Si-
Young’s life and the context of a task (see her lesson plan in Appendix). For example, for the 
task of drawing a house floorplan she planned, “[to] talk about houses and the rooms in her 
house/apartment/duplex. I will explain my house. Then, we will talk about our houses in regard 
to measurement” (week 4, lesson plan). Her rationale was, “this will give us a good conversation 
and strength[en] our relationship. Also, it will preface the activity we will be doing and help her 
picture it before given a mathematical problem” (week 4, lesson plan). Her goal was to see if, by 
drawing the floorplan of a house she knew well, Si-Young had a chance to learn the meaning of 
a floorplan and how to draw it before solving the cognitively demanding task, such as creating a 
floorplan with complicated conditions. In addition, Lucy started providing effective launching 
conversations or activities that connected the mathematical concepts to her EB’s life experience 
after the first week.  
 Unlike Becky, Lucy hardly modified the task statements. Instead, she added analogical 
tasks that bridged the given task and applied visuals such as pictures, manipulatives, and post-its. 
During week 2, Lucy created many similar tasks that were contextualized in Si-Young’s life and 
prepared miniature cars so Si-Young could move them on the track made by post-its and papers 
to solve the speed problem. During week 4, she prepared grid papers so Si-Young and she could 
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draw floor plans of their own houses before the given task was introduced. In the last session, 
she let Si-Young use connecting cubes to represent increasing patterns and to find general rules. 
By doing this, Lucy provided sufficient contextual support to Si-Young, while she did not reduce 
the cognitive demands in either mathematics or language.  
Influence of reflection and intervention. Lucy’s reflections often identified what she 
learned from the interventions. When the intervention was about how to begin a lesson with 
connecting the student’s life and prior knowledge, Lucy wrote, “connecting the math to the 
students’ lives will help them see the importance in the material and connect to the problem…By 
just having conversations with her, I can intertwine the activity that we are doing to her life 
[…so] she better understands the material” in her reflection. Based on this and the first session 
with Si-Young, she explained her future plan as follows: 
Next time, I will prepare more challenging problems. I will also work on asking more responsive 
questions during the lesson, such as how did you get that or could you use a different approach to 
this problem. I will also try to prepare problems that are connected to real life examples (money, 
distance, etc.). (Lucy, reflection, week 1) 
 
In the following week, her lesson plan demonstrated a significant change as she planned. 
First, she began the lesson with questions about Si-Young’s experience of travel and speed in 
both her home country and the U.S. as her lesson plan illustrates, “Talk about ways of traveling 
in America and South Korea. What are some similarities/differences? Do you like to go fast or 
slow? What’s your favorite way of transportation? Have you ever noticed speed limit signs?” 
Her rationale was, “to connect our activity to real-life. We use speed every day in many different 
ways, so I want her to see that there is use for what we are doing,” revealing her intention to 
connect mathematics to Si-Young’s life experience. In addition, her lesson plan included how 
she would demonstrate miles per hour:  
I will have a car and mark off a track. I will mark placements on the track with sticky 
notes starting with point a and ending at point b. For example, point a will be mile 0 and 
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point b will be mile 12.  If it takes me 6 minutes to get from point a to point b, how many 
miles per hour am I driving? (week 2, lesson plan).  
She used these strategies because “I [Lucy] want to talk about actual places we are travelling 
from and use the speed limit signs so that she can make a connection to this activity and the signs 
when she is in the car” (week 2, lesson plan). These plans and rationales show Lucy 
implemented the strategies as she mentioned in her reflection. Moreover, Lucy heightened the 
mathematical demand by adding extension of linear equation and slope to her lesson plan.  
Lucy usually adapted the strategies introduced during the intervention. For example, she 
mentioned, “connecting math to student’s life” (week 1, reflection) introduced during the week’s 
intervention, and applied the strategy to her next lesson. Lucy’s adaption was prompt and rich, 
and her lesson structure was consistent since the second week: starting with questions about the 
student’s life experience related to the context of the task, involving Si-Young in building tasks, 
and providing questions for justification. She asked why-questions to almost all of Si-Young’s 
responses to “have her [Si-Young] explain each answer to the question.” Her written reflection 
was aligned with the week’s intervention and the following week’s lesson plan. During the later 
weeks, Lucy embraced Si-Young’s language development within her lessons by adding writing 
tasks. In her interview, she commented that the purpose of asking Si-Young to write solutions as 
sentences was to develop her English writing skills. In sum, Lucy diligently integrated what she 
learned from the interventions and experiences with Si-Young into her task modification and 
lesson plans as she described in her reflections.   
Analysis based on the Octant Model 
As for language demand, Becky and Lucy interpreted the same tasks differently in terms 
of the appropriateness for EBs. Both identified the language demand of the tasks, but one 
considered the language demand as a barrier for EBs, and the other as a challenge that EBs can 
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overcome with help. This difference was likely to make their different approach to task 
modification. Becky’s task modification, especially in the beginning, was simplifying language 
to reduce the language demand. In contrast, Lucy did not reduce the language demand and 
instead provided contextual support, such as analogical tasks and real-life connections to make 
the tasks accessible to EBs. Considering mathematical demand, both PSTs significantly reduced 
the mathematical demand in the beginning. However, both showed a shift from reducing 
mathematical demand to maintaining it. Finally, concerning contextual support, all five tasks 
included a real-life related context. Hence, using the tasks would make a context-embedded 
lesson. Neither Becky nor Lucy changed or removed the embedded contexts from the tasks, 
although Lucy used another context for her additional tasks. Moreover, both used the various 
contextual supports introduced during the interventions, such as conversations about the 
students’ lives, visuals, manipulatives, gestures, and real-life examples. When considering all 
three dimensions, Becky started in the A or C-low Octant (undemanding in both language and 
mathematics with or without context) and gradually moved to the B-high Octant (demanding in 
both language and mathematics with contextual support), and Lucy began in the B-low Octant 
(demanding in language with context, undemanding in mathematics) and moved quickly to the 
B-high Octant. Within these octants, they also applied more contextual support as time evolved. 
Discussion 
Tasks in the B-high Octant are most recommended when teaching EBs because the tasks 
embed high-level language activities (Moschkovich, 2010), mathematically challenging work 
(Celedon-Pattichis & Ramirez, 2012), and provide contextual support that makes the tasks 
accessible (Brown, Cady, & Taylor, 2009; Lee, Lee, & Amaro-Jiménez, 2011; Nguyen & Cortes, 
2013). This view is consistent with Cummins’ (2000) implication of the Quadrant Model for 
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instruction of EBs, “language and content will be acquired most successfully when students are 
challenged cognitively but provided with the contextual and linguistic supports or scaffolds 
required for successful task completion” (p. 71). Cummins also noted that optimal instruction for 
EBs tends to move from Quadrants A to B and from Quadrants B to D because students 
eventually need to understand academic content without additional support after developing their 
language proficiency with contextual support. However, when considering mathematical 
demand, Quadrant D may not be the ultimate destination of mathematics instruction or tasks 
because context embeddedness not only connects mathematics with students’ everyday 
experience (Domínguez, 2011) but also can change students’ disposition toward mathematics 
and enable students to read the world through mathematics (Boaler, 2011; Gutstein, 2003). A 
recent mathematics education trend also emphasizes the importance of implementing 
mathematical modeling and problem solving in real-world contexts. For example, the CCSSM  
include mathematical modeling into the standards of mathematical practice as well as a domain 
of high school standards. Anhalt and Cortez (2015) indicated that “mathematical modeling, in 
which students use mathematics to explain or interpret physical, social, or scientific phenomena, 
is an essential component of the high school curriculum” (p. 447). In addition, the nature of the 
modeling process requires students to perform highly cognitive activities in mathematics because 
students are involved in decision-making processes and build their own model as a product of 
their critical thinking. In this sense, the ultimate destination where mathematics instructions or 
tasks should arrive is not Quadrant D but Quadrant B, more precisely the B-high Octant where 
high mathematical demand, high language demand, and contextual embeddedness all exist. Both 
PSTs in this study showed their trajectory toward B-high Octant as recommended.  
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This study revealed how the PSTs’ reflection on experience and intervention is related to 
their lesson planning and the influences were shown in two ways. First, the PSTs increased the 
mathematical demand after they realized the assigned EBs’ mathematical capability. Second, 
although the intervention focused on contextual support, a significant change in the task 
modifications of these PSTs occurred in mathematical demand and language demand. This can 
be inferred from their learning of the contextual support during the intervention sessions, which 
enabled them to maintain the cognitive demand in both mathematics and language because they 
obtained the strategies that make the tasks accessible to EBs without reducing the cognitive 
demand. For example, their use of visuals and objects provided the EBs with clues to understand 
the mathematical problems and find answers (Lee et al., 2011; Nguyen & Cortes, 2013) while the 
language demand was maintained. When EBs do not comprehend the language in a task, it is 
essential to incorporate other means for accessing the mathematical situation and expressing their 
knowledge to communicate with others (Kersaint, Thompson, & Petkova, 2013).  
Although both PSTs eventually arrived in the B-high Octant through their learning and 
experience with EBs, their trajectories of using strategies were significantly different. Because 
each PST has their own prior knowledge when they enter into a teacher preparation program 
(Ball, 1988), the PSTs must have had a different trajectory when learning instructional strategies 
for EBs. Therefore, teacher educators need to first assess PSTs’ prior knowledge and perception 
regarding teaching EBs. Furthermore, such intervention paired with field experience may be 
effective to fostering PSTs’ capability to modify a task without reducing its language and 
mathematical demands and to make those tasks more accessible to EBs. Although the 
intervention in this study was designed for individual PSTs, it can be applied to a group or class, 
such as a methods course. For example, a mathematics teacher educator could design a field 
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experience with EBs connected with a method course and provide a concurrent intervention in 
the course. One way to apply this design is to have PSTs modify a cognitively demanding tasks 
for EBs as a coursework and reflect on it after their implementation with EBs during field 
experience. The intervention will guide them how they should modify the tasks for EBs and 
reflecting their experience with EBs will help them assess how their modifications work and 
improve their teaching ability with EBs. In a class setting, PSTs could share their learning about 
modifying and implementing mathematics tasks for EBs.  
This study did not examine how EBs improved their mathematical learning and language 
development through their experience of working with the PSTs. This is one of the limitations of 
this study with the small sample size and one ethnic group of EBs. Thus, a future study is needed 
to investigate the impact of this design of field experience with intervention on EBs.  
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Table 1 
Description of tasks belonging to each octant  
Octant Context Cognitive Demand in Language Cognitive Demand in Mathematics 
A-high Embedded Undemanding Demanding 
A-low Embedded Undemanding Undemanding 
B-high Embedded Demanding Demanding 
B-low Embedded Demanding Undemanding 
C-high Reduced Undemanding Demanding 
C-low Reduced Undemanding Undemanding 
D-high Reduced Demanding Demanding 










Name Year Name Gender Grade ELL(EB) Class Math Class 
Becky 4 Se-Bum M 7 Intermediate Challenge 7
th 
Math 
Lucy 4 Si-Young F 8 Intermediate Algebra 1 
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Weekly contents of the PST Interventions 
Week Focused Topic Activity 
1 Needs of EBs Read a story of a Korean EB 
2 Connect mathematics with life 
experiences and knowledge 
Discuss how to begin an activity with life 
connections and students’ prior knowledge 
3 Visual supports Analyze visual examples with a math task written in 
an unknown language 
4 Rich environments in 
mathematics and language 
Make a Venn diagram and discuss how linguistic and 
mathematical strategies are related 
5 Revisit the connection topic of 
week 2 
Compare and analyze examples of teacher-student 
dialogues in terms of connection between 
mathematics and student’s life experiences 
 
 
Table 4  
 
A sample of codebook 
Code Meaning Description 
RCD Reduce the 
cognitive demand  
Modify a task as a way to reduce cognitive demand. (e.g. adding 
specific questions that direct a particular pathway to the problem, 
removing challenging work) 
APA Add problems to 
access a challenge 
Add problems or ask questions that guide an EB to find entry 
points or help understand the context of challenging problems 
APCh Add problems to 
challenge a student 
Add problems or ask questions after students solve the given 
problem to provide further mathematical challenges for an EB  
APP Add problems to 
provide practice 
Add problems or ask questions to provide more practice of the 
mathematical concept they already worked on 
 
Table 5  
A table Becky created and included in the modified task for week 3.  
 Apartment 1 Apartment 2 
Area 200 Square meters 100 Square meters 
Price ($) ??? $30,000 dollars 
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Figure 1. The Quadrant Model. Four Quadrants divided by the range of context embeddedness 
and the degree of cognitive demand. Adapted from Language, power, and pedagogy: Bilingual 
children in the crossfire (p. 68), by J. Cummins, 2000, Clevedon: Multilingual Matters. 
Copyright 2000 by the Multilingual Matters.  
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Figure 2. The Octant Model. The axis of cognitive demand in mathematics is added to 











Figure 3. The first problem Becky modified for her ELL student 
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Appendix. Lucy’s week 2 Lesson Plan 
Overview of Problem 
1.  Explain if the original problem is appropriate for ELLs. 
I do believe that the original problem is appropriate for ELLs.  It shows how math can be connected to real 
life examples and it makes you look at the same problem in a different way when you get to the second 
question.   
 
2.  Explain any difficulties ELLs may have for solving the original problem. 
This question could be difficult for ELL students because there are a lot of words and not a lot of numbers.  
If the ELL does not communicate English very well, this could be very difficult to start. 
 
Learning objectives  Common Core State Standards for Mathematics 
Mathematical objectives: 
To understand speed in relation to distance and 
time. 
To graph distances and understand its meaning. 
 
Linguistic objectives: 
To connect speed and distance to real life. 






- Make sense of problems and persevere in solving 
them. 
- Reason abstractly and quantitatively. 
- Model with mathematics. 
- Look for and express regularity in repeated 
reasoning. 
Problem title: Speed in Relation to Distance and 
Time 
Anticipated Duration of the Lesson: 40 minutes 
Materials Needed, if any: Cars, Post-its, Speed Limit Signs, Graph Paper 
Procedures Rationale (or formative assessment if any) 
1. Warm up—talk about ways of traveling in 
America and South Korea. What are some 
similarities/differences?  Do you like to go 
fast or slow? What’s your favorite way of 
transportation? Have you ever noticed 
speed limit signs? 
2. Demonstration of miles per hour.  I will 
have a car and mark off a track.  I will mark 
placements on the track with sticky notes 
starting with point a and ending at point b. 
For example, point a will be mile 0 and 
point b will be mile 12.  If it takes me 6 
minutes to get from point a to point b, how 
many miles per hour am I driving? Ans: 
12/6=2miles/hr. 
3. Move the sticky notes around so we have 
different problems we have to compute. 
4. Hold up speed limit signs and compute time 
of arrival.  For example, if we are travelling 
at 30 miles/hr and we leave school at noon, 
what time will we get home? We live 15 
1. I want to connect our activity to real life.  
We use speed everyday in many different 
ways, so I want her to see that there is use 
for what we are doing. 
2. I am using the track and cars to make it 
more interactive so that she can see what we 
are computing.  It is more fun to actually 
drive a car than see a bunch of word 
problems. 
3. I am going to give her many different 
problems to work with.  Some starting at 
mile 0 and other starting at mile 6 or 10.5.  
This will get her thinking about the change 
of distance and not just starting at the same 
point (I may add some negatives in there). 
4. I want to talk about actual places we are 
travelling from and use the speed limit signs 
so that she can make a connection to this 
activity and the signs when she is in the car. 
5. I want to look at the problems in a different 
way. 
Math Task Modification for Emergent Bilinguals 
I, J. (2019). Preservice teachers’ mathematics task modification for emergent bilinguals. 
School Science and Mathematics, 119(3), 127–141. https://doi.org/10.1111/ssm.12325 
32 
miles from school.  Ask more of these 
questions. 
5. It takes me about 10 minutes to get to the 
grocery store from my house, on average.  If 
I leave at 2:15 how many miles/hr do I have 
to drive to get to the store in 10 min? 
6. Give her Anne’s family problem and have 
her work it out on her own out loud. 
7. Have her make up her own distances with 
her own way of transportations.  Let her 
draw her favorite way of transportation 
(bike, bus, car) and then travel along the 
track. She is going to record different 
distances and times that she got there and 
we are going to turn that into a line graph.  
With this graph we are going to practice 
labeling, x and y axis’s, and find the slope. 
8. Have her create a story using a graph and 
the change of distances.  She will first draw 
a graph with different speeds and then make 
up a story about what the car/bike/train is 
doing at each moment. 
6. I want to see if all of this helps in figuring 
out the problem that we were provided with. 
7. This will make it fun by having her create 
her own car.  I noticed she was a good artist 
last time I met with her, so I think by 
drawing her means of transportation and 
then creating problems around it will make 
it more fun.  Also, the graph will help her 
practice skills that she should be learning in 
school, based on the CCSS. 
8. This connects her graphs and distances to 
real life because she is making a story about 









Strategies for ELLs, if any Reasons why you chose the strategies 
1. I will try to connect a lot of what we do to 
real life examples. 
2. I will try to ask questions while she’s 
solving the problem. 
3. I will ask open-ended questions. 
4. I will be patient and let her take her time 
answering questions and solving problems. 
 
1. This will make her enjoy the math better 
because she will know what she can use it 
for in real life. 
2. To test her conceptual understanding. 
3. So that we can talk mathematically. 
4. So she doesn’t feel rushed or pressured. 
 
Assessment (How will you know the student has met the learning goal?) 
I will know that I have met the learning goal if she can first solve the word problem that I am giving her 
after the practice problems.  I will also know she has met the learning goal if we can talk mathematically 
about the problems that she will be working on. 
 
  
 
